The efficient utilization of the economic opportunities effected by Background: rapid reductions in fertility and mortality is known as the demographic dividend.
Introduction
Rapid reductions in fertility and mortality during the last halfcentury have resulted in dramatic changes to the population age structures of many countries, which economists have argued have been demonstrably conducive to economic development 1 . Countries with a high proportion of their population in working ages are better able to use their resources for economic development due to reduced expenditures related to caring for child and elderly dependents. The efficient utilization of the economic opportunities that result in part from a favorable demographic transition is termed "the demographic dividend".
The association between fertility and mortality declines and the demographic transition has been extensively studied and well documented, but their relationship with economic development has not been systematically investigated in the health literature 2 . A comprehensive demonstration of its health and economic benefits strengthens the advocacy for fertility decline through programs that directly influence fertility levels, such as meeting women's need for family planning.
Such an investigation links several sustainable development goals (SDGs). Fertility decline results in a smaller total population, which alleviates the burden on earth's life-support system imposed by a global population set to rise to 9 billion by 2050 3 . Women empowered to adapt voluntary measures to reduce fertility will benefit themselves, their children, and the local and global economy and environment 4 .
Over two centuries ago, Malthus argued that unconstrained population growth would lead to catastrophic consequences because the amount of many production factors, such as land, is fixed 5 . Solow subsequently proposed that even reproducible factors would be swamped by rapid population growth 6 . The variation in population growth rates is an important factor in explaining differences in long-term economic performance across countries. The implications of the theories proposed by Malthus and Solow, as well as others, are pessimistic for countries with sustained high fertility rates. According to this framework, fertility decline results in a smaller total population, which in turn increases the ratio of fixed and reproducible factors to labor.
Additionally, lower fertility levels are also associated with higher investments in human capital, another important production factor 7, 8 . Moreover, lower fertility means that women's time spent on bearing and caring for children declines and may translate into a higher female labor participation rate, which independently contributes to the economy 9 .
At the aggregate level, fertility also significantly impacts the population age structure. Lower fertility implies fewer children and a lower child dependency ratio, defined as the ratio of children (i.e. aged 0-14 years) to the working age population (i.e. aged 15-64 years) . Holding other factors constant, such as the labor participation rate, a larger proportion of working age population can lead to greater output per capita.
Empirical studies have identified a strong correlation between a favorable population age structure and rapid economic growth 10, 11 . It has been estimated that as much as one-third of the economic growth in the "East Asia Miracles" economies of Hong Kong, Singapore, South Korea, and Taiwan, from the early 1960s to 1990s, was derived from their rapid fertility transitions 1 . Figure 1 compares the population pyramids of Nigeria and South Korea. In 1960 their population age structures were similar, with the dependency ratio (population aged 0-14 and 65+ years divided by the population aged 15-64 years) being 80 and 87 in Nigeria and South Korea, respectively. According the World Bank, the GDP per capita (constant 2011 US$) was 50% higher in Nigeria than South Korea in 1960. Fifty-five years later, the dependency ratio had decreased to 37 in South Korea while it increased to 88 in Nigeria. During the same period, the GDP per capita rose to $24,871 in South Korea, a 26-fold increase. The increase was less than 2-fold in Nigeria in constant dollars. Figure 2 illustrates the relationship between economic growth and the ratio of children to working age population in 120 low-and middle-income countries (LMICs) in Asia, Latin America and the Caribbean (LAC), Northern Africa, and sub-Sahara Africa (SSA). The vertical axis is the change in GDP per capita during the period 1990 to 2015. GDP is based on purchasing power parity (PPP) and is measured in constant 2011 international dollars. The horizontal axis is the child dependency ratio in 2015. We use 1990 as the starting year, instead of 1960 that is used in subsequent sections, since PPP-converted GDP data only first became available in the World Bank database in 1990. High-income countries are excluded since most of them had completed their demographic transitions long before 1990. The inverse relationship between economic growth and the ratio of youth to working age population during the past two decades is consistent with findings from previous studies 12 . This helps justify our use of the child dependency ratio as the indicator with which to investigate the relationship between mortality, fertility, and economic development. During the 25-year period considered, the increase in GDP per capita was greater in those countries that had achieved a lower child dependency ratio by 2015. A linear regression analysis of the change in GDP per capita against the 2015 child dependency ratio shows a satisfactory goodness of fit with R 2 = 0.44. The slope of the linear fitted line is -109 (95% CI: -134,-85), In other words, each one-unit change in 2015 child dependency ratio is associated with 109 fewer international dollars in 2015 GDP per capita.
Methods

Data sources
We obtained data on the fertility, mortality, and population age structure for 201 countries during the decades 1960 to 2015 from World Population Prospects (WPP), the 2017 Revision. This is the 25 th round of official United Nations (UN) population estimates, published in June 2017 by the Population Division of the Department of Economic and Social Affairs of the United Nations Secretariat 13 . The economic data were obtained from the International Comparison Program Database of the World Bank. Dependency ratios are used as indicators of the population age structure. Similar to the child dependency ratio defined above, the aged dependency ratio is the ratio of the number of elders (65 years and above) to the working age population. The total dependency ratio equals the sum of child and aged dependency ratios. As a commonly-used fertility measure, total fertility rate (TFR) is the number of children a woman would have over her lifetime if she were to experience the observed period age-specific fertility rates.
Cohort component method (CCM)
CCM is a demographic projection method used by the UN to generate WPP estimates. It employs a transition matrix to predict population by age from one period to the next. Following WPP 2017, our projections were made for five-year intervals. The basic equation for the CCM is 5 , 5 t t t t P M P
where P t is a column vector whose elements are the agespecific population at calendar time t; M t,t+5 is a transition matrix constructed from the age-specific fertility and mortality. 
Results
Demographic implications of fertility and mortality declines
Globally, child and total dependency ratios declined significantly from 1960 to 2015, with large country-level and regional variations. The declines in SSA are the smallest among the five regions -the median change in both child and total dependency ratios is close to zero. On the other hand, Asia and LAC have experienced dramatic changes in both fertility levels and dependency ratios, with median changes in the range of 30 to 40 units.
The decompositions of the contributions from fertility and mortality declines to the change in dependency ratios were conducted at both regional and country levels. Table 1 and Table 2 show the results from country-level and regional-decomposition, respectively. Mortality decline was considered in the estimations since it is an important determinant of population age structure. However, our discussion is mainly on fertility for two reasons. First, as illustrated in Table 1 and Table 2 , the effect of Note: the number of countries in each region is in the parenthesis. mortality decline is smaller than that of fertility change. Second, no government, including those facing a tremendous challenge of population aging, have ever proposed slowing mortality decline to make the population age structure more conducive to economic development 14 .
The contribution of fertility decline to the change in the dependency ratio was smallest in SSA than in any other region. The 2015 child dependency ratio was 80 in SSA and would have been 96 had there been no fertility decline from 1960 to 2015. In other words, every 100 working age population in SSA would have to support 16 more children without the fertility declines that transpired in SSA countries. In Asia, the observed 2015 child dependency ratio was 36 and would have been 90 had there been no fertility decline. The fertility transition in the LAC region similarly reduced the child dependency ratio to 38, which would have been 92 had there been no fertility decline. The results are 52 vs. 102 in Northern Africa, meaning the fertility almost halved the burden of children on working age population.
These results are illustrated in Figure 3 . We simulated how much higher the dependency ratios would be if mortality and/or fertility had been constant in the decades from 1960 to 2015. The percentage change in the child dependency ratio was positive and large in the constant fertility scenario in Asia and the LAC regions. The results underscore how notably fertility declines have reduced the child dependency ratio during the period 1960-2015.
On the other hand, the percentage change in the child dependency ratio is negative for the constant mortality scenario, but the size of the change is marginal. The combined impact of mortality and fertility changes is positive for all of these five regions, but their size is substantially greater in Asia and LAC than in SSA. Figure 4 shows a clear positive relationship between fertility levels in 1960 and the contribution of 1960-2015 fertility declines to 2015 total dependency ratios. This implies that previously highfertility countries have catching up and they have a large potential to alter dependency ratio through fertility decline.
From the analyses conducted here, with the exception of most SSA and several Asian countries, a higher TFR in 1960 is associated with a larger contribution by fertility decline to the change in the child dependency ratio. The majority of high-fertility Asian countries have significantly reduced their TFR, resulting in smaller dependency ratios.
Economic implications of fertility and mortality declines
There are several direct and indirect economic implications resulting from the changes in population age structure and consequences for the dependency ratio. By definition, GDP per capita can be broken down into GDP per worker and the proportion of working age population in the total population. By definition GDP per capita can be expressed as,
where Y it is the gross domestic product (GDP) in country i in year t. y it is GDP per capita, P it is the total population, and W it is the number of workers. z it is the product per worker and w it the share of workers in the country at time t. In the present study, the number and proportion of workers are proxied by the working age population. Consequently, an increase in GDP per capita may be attributable to the change in either productivity per worker or the proportion of workers in the population. This approach is a simplification of the actual change in GDP per capita, which can be affected by a variety of socio-economic, geographic, institutional and international factors 15, 16 . The approach has been used in previous studies 17 . An increased total dependency ratio means a reduced proportion of working age population, which, assuming a fixed worker productivity, indicates a lower GDP per capita.
We simulated the GDP per capita that would have occurred had one factor not changed assuming that worker productivity did not change from 1960 to 2015. The gap between the actual and hypothetical values can be interpreted as the impact of the change in population age structure on GDP per capita. It is easy to show that, As seen in the last three columns in Table 1 and Table 2 , GDP would be much lower in most of the countries if the fertility decline between 1960 and 2015 had not occurkred. Global GDP would decrease from the actual $106,422 billion to $87,406 billion without the fertility decline. The regional reductions are $12,390 billion in Asia, $1,706 billion in LAC, $484 billion in Northern Africa, and $321 billion in SSA. The estimated contributions are comparable to those of other studies. Bloom and Williamson (1998) and Bloom and Finlay (2009) suggested that the demographic transition accounted for between one fourth and two fifths of the "economic miracle" in East Asian Tigers' economies 1, 17 . A study projected that the demographic dividend could increase GDP per capita by about 11-32% in selected SSA countries over 2010-2040 under the UN's low-fertility projection 18 . Those estimates vary, mainly because they cover different periods in time.
The estimation from this approach disregards the correlation between worker productivity and population age structure. Some studies have found that an increasing proportion of working age population is associated with improved worker productivity. Several mechanisms have been proposed to explain the association. As discussed above, an increased proportion of working age population, mostly brought about by rapid fertility decline, can be associated with an increased female labor participation rate 9 . Declining fertility also encourages greater savings within the working age population for retirement 14 . These behavioral changes promote the accumulation of financial and human capital, which will result in improved productivity per worker. Due to these associations between the proportions of working age population and worker productivity, the estimations of the impact of population age structure on GDP per capita presented here are conservative. population age structures in Asia and LAC experienced dramatic changes during the period 1960-2015. At the same time, countries in these regions were transformed from mostly rural agrarian economies with high fertility and mortality to largely urban industrialized ones with low fertility and mortality. In contrast, most SSA countries have lagged in their demographic transitions and economic development.
Based on a decomposition analysis of 201 countries, we found that fertility decline from 1960 to 2015 played a large role in changing the population age structure and lowering dependency ratios. Over this period, fertility decline contributed greatly to the reduction of the child dependency ratio in Asia and LAC while in contrast, its contribution in SSA was minor. The main reason is that fertility declined in SSA countries only marginally. The TFR in SSA fell from 6.67 in 1960 to 5.10 in 2015. During the same period, the TFR in LAC decreased from 5.89 to 2.14, and in Asia the change was from 5.81 to 2.20. The difference in the demographic transitions among these regions is consistent with the variation in their economic development.
Countries with slow fertility declines will need to accelerate the transitions in order to achieve a dependency ratio favorable for realizing a demographic dividend. Satisfying unmet need for family planning and providing full and voluntary access to a range of contraceptive methods have proven to be effective measures to reduce fertility. The implication of our study for policymakers is that expanding and intensifying the provision of effective reproductive, maternal, and child health interventions, particularly contraceptive access and nutrition enrichment, can accelerate ongoing fertility and mortality declines that contribute to population health as well as economic productivity and poverty alleviation. The induced benefits cover all three layers of the new paradigm of sustainable development -earth's life-support system, society, and economy. To ensure reaching the demographic dividends, governments of SSA countries should also encourage investments in human capital and ensure adequate employment, along with increased gender equity and nutrition 19 .
Discussion
This study fills an important gap in the current literature on population welfare and reproductive and family health in LMICs. In PubMed we located about 500 articles published in English from Jan 1, 1990 to June 30, 2017 that included terms "fertility decline" or "mortality decline" in the titles or abstracts. But only 7 of them had "demographic dividend" in the titles or abstracts. Admittedly, many studies on the demographic dividend are published in the economic literature and thus may or may not be included in the PubMed database. However, our search results indicate that the demographic dividend perspective, which is appealing to policy makers, has not penetrated the health literature, and has not been fully utilized as evidence of the importance of improved reproductive, maternal and child health.
This study is the first to retrospectively assess the contribution of fertility and mortality declines to the change in national dependency ratios over the past five decades. It has also estimated the economic consequences of these demographic changes. Contrasting SSA to Asian and LAC countries sheds new light on the historical relationship between fertility, mortality and economic development. A favorable dependency ratio has enabled many Asian and LAC countries to realize the demographic dividend and to transform their predominantly rural agrarian economies into urban industrialized ones. During this period of development, many millions of people worldwide have been lifted out of poverty and their health substantially improved.
Assessing the contribution of fertility decline to the change in population age structure and GDP per capita provides a strong argument for expanding reproductive, maternal and child health interventions. Our study estimated the contribution of fertility declines, by far the more dominant factor, to the change in dependency ratios in 201 countries over the past five decades. Lower dependency ratios for countries as a whole as well as for individual households offer the opportunity to reallocate scarce resources toward better education, health care and nutrition. Improved health benefits for youth also confer stronger physical and cognitive performance with social and economic consequences that can disrupt poverty cycles.
The past half-century has been characterized by rapid demographic transitions and historically unprecedented economic growth in most parts of the world, with the exception of the SSA region. The 1.
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6. This article adds to the 'not many' available analyses that tried to explain the relationship between population growth and economic development (filling the gap). The availability of long-term population projection by age and trends in economic growth among developing countries made the analysis feasible. Congratulations.
Open Peer Review
Demographic Dividend is an emerging issue that tries to provide a solution or explanation on the long debate whether population growth has a negative or positive effect on economic growth. The work by economist demographers such as David Bloom, David Canning and Jaypee Sevilla (2003), other economists cited in Birdsall, Kelley and Sinding 2001 strongly favor the finding that it is the changes in age structure, that is the declining proportion of children accompanied by the rapid growth of population at the working age that boost economic growth.
The increase in the size of population at the working age 15-64 years decreases dependency ratio which boost economic growth through several assumptions: (1) the large size of workers will produce larger size of output which increases the national GDP; (2) this will promote savings (capital accumulation); (3) the decreasing family size (due to family planning) eases women to participate in the labor force which in turn helps increase GDP growth; (4) but the most important thing is policy on human capital development (Bloom 2003) .
et.al.
There is also an issue about the impact of the very rapid fertility decline and the demographic transition in developing countries due to strong family planning program, such as in China, Thailand, and Indonesia. In the Western countries, the process of demographic transition occurred slowly and took more than one hundred years and accompanied by social and economic development. While in these developing countries such as Indonesia, demographic transition took only in three decades, when social and economic development in these countries have just begun. The population at the working age are not ready to utilize the favorable age structure for economic growth due to the low quality of workers.
Economist and policy makers (especially in Indonesia) argue that demographic dividend is not automatically being harnessed. To be able to boost economic growth appropriate policy measures, especially investment on human capital is the key to reap the demographic dividend.
Nevertheless this article is well appreciated, it adds to the existing literature which tried to provide the explanation on the link between population growth and economic growth. This article is powerful as advocacy tool for policy makers, that family planning program is not a cost, it is an Gates Open Research 6.
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the explanation on the link between population growth and economic growth. This article is powerful as advocacy tool for policy makers, that family planning program is not a cost, it is an investment.
But this analysis can be well improved through the inclusion of other variables measuring the quality of human capital of the related countries.
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We have read this submission. We believe that we have an appropriate level of expertise to confirm that it is of an acceptable scientific standard. 13 My general observations on the paper are as below:
The paper very clearly demonstrates economic advantages through empowering women as a result of fertility reduction over a period of 55 years. In the past, many researchers have attempted to demonstrate the same by projecting population based on various assumption on future fertility regime. However, the present research is different in the sense it compares hypothetical, yet, simple assumptions of constant fertility and constant fertility and mortality and simulates 2015 situation with actual experiences for 2015 in 201 countries covering different regions.
The present work clearly advocates that if the countries and global communities had not invested in the family planning, the world and each country could have been unmanageably very different and possibly it would have been difficult to achieve the current wellbeing levels of the populations and especially the would have been difficult to achieve the current wellbeing levels of the populations and especially the lives of the women who had been benefited the most from these investments. It might have sometimes difficult for some countries when they adopted certain path which were the violation of human right but corrective steps by mechanism of Global pressures and guidelines for changing the course of program focus. In the past few decades, there has been a feeling around the globe that the population problems have largely been solved with the exception of a few geographies.
The paper again demonstrates incomplete agenda of reproductive rights of women and advocates more economic returns than the investment required to be made in the family planning program. The value of research is enhanced in view of London Submit of 2012 that expressed its commitment to reach 120 million unreached women out there needing family planning services. Even country like India that has already reached TFR of 2.2 per women in 2015 has more than 30 million unmet need for contraception (if we express demand for modern method then this number would be close to 45 million).
This also means that our demographic goal may be replacement fertility but demand for contraception in any country would go beyond this and would depend on method-mix, access to basket of methods. In this context, I strongly believe that such research work provides program managers and policy makers of country to rethink about the invest strategies for empowering women. It will be observed then that this option would be easier and cheaper than any other option available to empower women. I also believe that such analysis would be very useful at state level for a country like India that has huge demographic diversity.
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John May Vincent Turbat
Georgetown University, Washington, DC, USA First, we would suggest that the paper focuses on the main topic, namely the relationship between mortality and fertility, on the one hand, and the demographic dependency ratio and economic development (the demographic dividend), on the other. Therefore, the discussion on Malthus (see Introduction) is not needed and only sidetracks the reader.
Second, the demographic dependency ratio as used in the paper is rather narrow with respect to young dependents (age group 0 to 14). We would suggest the authors use a broader age group for the young dependents, namely age group 0 to 19 completed (or age group under age 20 exact). So the entire paper might use this extended group of young dependents. In this respect, see John F. May and Vincent Turbat, "Demographic Dividend in Sub-Saharan Africa: Two Issues that Need More Attention", Journal of Demographic Economics, vol. 83(1), March 2017, pp. 77-84.
Third, some definitions used in the paper need to be refined or expanded. The demographic dividend is a process leading to an economic surplus; it should not be presented as a result. Likewise, the definition of productivity used in the paper is weak. We believe the authors meant the average production per capita.
Fourth, we believe the authors used the 2017 UN Population Division projections; however, this is not clearly explained in the paper and sometimes the reader is under the impressions that the authors used their own population projections (see section on CCM) page 5). In addition, the economic model used in the paper needs more explanations and also double-checking. For instance, the explanation of equation (2) page 12 should cite s(it) and not w(it) (see 3 line below equation (2) .
Fifth, we have some problems with Table 1 , first line pertaining to Asia. The Child DR with no fertility change is 90, but the Total DR with no fertility change is 77; how can the latter figure be lower than the first? In addition, the Child DR and Total DR with no fertility and mortality change jump to 792 and 575, respectively. How is this possible, especially as the authors explain that fertility is a more important factor than fertility to explain changes in the DR? We were puzzled.
Finally, the style of the paper needs to be improved. It seems that the paper was written rather rapidly. In addition, Table 2 (which is very long) could be presented as an Annex.
